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(54) Reception automatic gain control system and method 

(57) An automatic gain control system is disclosed 
which incorporates a control en^or amplitude limiting cir- 
cuit to provide fine gain control for relatively small con- 
trol error values, while providing limited gain renewal 
values to maintain amplifier stability for relatively large 
control enror values. In another embodiment an auto- 
matic gain control system Is disclosed which incorpo- 
rates a variable scaling means which scales the control 
en^r with coefficients selected in accordance with the 
positive or negative sign of the control error to provide 
maximum control loop response rates which are the 
same for both increases and decreases in. signal 
power. Automatic gain control systems and methods are 
disclosed which respectively limit the control error 
amplitude and scale the control error with coefficients 
selected on the basis of the cotnrol error being either 
positive or negative, to provide irrproved, more precise, 
and more symmetrical amplifier gain control. 
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Description 

The present invention relates to an automatic gain control system and method for a conrmmnication system, and 
nrrore specifically to an automatic gain control circuit fcM" use in a receiver of a mobile comnrttmication systOT. 

5 

Background of the Invention 

Mobile communications systems face continual den^nds for increased sut}scrtber capacity and improved signal 
reception. However, inrprovements in signal reception tend to rehire inaeased transmission power, which generally 
10 com^ at the expense of sttecriber capacity. Improvements are disclosed herein which aid in satisfying txrth of the fore- 
going demands. 

In recent years, the Code Division Multiple Access (CDMA) Standard has t>een adopted for use in nK3bile commu- 
nication systen^. particularly in North America. Systenre built according to the CDMA standard require an automatic 
gain control (AGC) circuit for providing a controlled reckon signal level to permit adequate conversion of the reception 

15 signal from analog to digital form despite large fluctuations in the level of the detected input signal. An AQC system Is 
disclosed herein which provides improved control over the reception signal level. 

In a tenrestrial mobile communication receiver, the detected input signal at any given location includes a plurality of 
multipath components. Multipath components resuH from the transmission of a signal along multiple paths due to the 
reflection, diffraction and scattering of radiowaves. When multipath components of a transmitted signal are in phase 

20 with each other, constructive; interference results causing intensification of the received signal. However, when multip- 
ath components of a signal oppose each other in phase, destructive interference results, wNch reduces the amplitude 
of the received signal, often drastically 

When a mobile communication receiver is moved from place to place in a multipath transmission environment the 
intensity of the electromagnetic field varies, often by an order of magnitude or more. Such variation in the electromag- 

25 netic field is called Rayleigh fading. The Rayleigh fading causes variations in tfie envelope of the sigral amplitude and 
phase variations. While signal amplitude envelope variations follow a Rayleigh distribution, phase variations follow a 
uniform distribution. 

In existing mobile communication systems which operate according to the CDMA Standard, a technology known 
as transmission power control has been used to compensate for variations in the strength of signals received from 

30 mobile communication transmitters resulting from tiie varying distances at which they are operated witii respect to a 
base station. A description of transmission power control technology can be found in U.S. Patent Na 5,056,109 (Ihe 
'1 09 Patent^. The '1 09 Patent describes a sp^ic technique known as "open loop transmission power control" in which 
each mobile station estimates the loss in ti^smitted signal power from a base statton by determining the received sig- 
nal strength of a detected input signal. In that system, mobile stations use tiie estimated received signal strength to 

35 select a transmission power level so as to provide an expected signal to noise ratio at a base station on the receiving 
end. 

Transmission power control techniques such as descn"bed in the '109 Patent are capable of compensating only for 
average transmission loss, a phenomenon which has origins and effects distinct from those caused by Rayleigh fading. 
Average transmission loss is primarily a function of tiie distance between a base station and a mobile station; its effects 

40 vary slowly in time. Transmfesion power control techniques are not intended to or capable of compensating for Rayleigh 
fading, a phenomenon which results in abrupt large fluctuations in received input signal level. 

As stated above, mobile communication systems which employ transmission power control vary the transmission 
power according to the estimated receiv«i signal strength as determined by an automatic gain control (AQC) circuit of 
the mobile station. Consequently, the responsiveness and accuracy of tiie AQC drcuit greatiy affects the transmission 

45 power setting, and, in principle tiie overall performance of the mobile communication system, because more accurate 
transmission control permits larger groups of subscribers to be served witii improved signal reception. Since the total 
transmission loss in mobile communication systems can reach 80 dB or more due to the combined effects of distance 
and interference, e.g., Rayleigh fading, and is subject to sudden. large amplitude fluctiations, an AGC circuit which 
responds quickly and operates stably under such conditions is essential. 

so The d^ription of tiie prior art exanrple AGC circuits and the several embodiments of the present invention are 
best understood by reference to the drawings incorporated herein. Accordingly these drawings are described now. 

Brief Description Of The Drawings 

55 FIG. 1 is a block and schematic diagram of a first example of a prior art autonratic gain control circuit. 

FIG. 2 is a graph illustrating the gain renewal values which are obtained with respect to signal power for the prior 
art automatic gain control drcuit shown in FIG. 1 . 

FIG. 3 is a block and schematic diagram of a second example of a prior art automatic gain control drcuit 

FIG. 4 is a graph illustrating the gain renewal values which are olrtained with respect to signal power for the second 
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prior art automatic gain control drcurt shown in FIG. 3. 

FIG. 5 is a block and schennatic diagram of a reception automatic ^n control drairt constructed In accwdance 
with a first emtxxliment of the present invention. 

Fia 6 is a graph illustrating the gain renewal values which are obtained with r^ect to agnal power for the first 
5 embodiment of the present invention shown in FIG. 5. 

FIG. 7 Is a block and schenr^c diagram of a reception automatic gain control drcuit corstructed in accordance 
with a second embodiment of the present invention. 

FIG. 8 is a graph illustrating the gain renewal values which are c^ned with r^ect to signal power for the second 
embodiment of the present invention shown in FIG. 7. 
10 FIG. 9 is a block and schematic diagram of a reception automatic gain control drcuit constructed in accordance 
with a third enrbodiment of the present invention. 

FIG. 10 is a graph illustrating the gain renewal values which are obtained with respect to signal power (or the third 
embodiment of the present invention shown in Fia 9. 

FIG. 1 1 is a block and schenratc diagram of a reckon automatic gain control drcuit constructed in accordance 
J5 with a fourth entodiment of the present inventiOTi. 

FIG. 12 is a graph illustrating the gain renewal values which are obtained with respect to signal power for the fourth 
emtjodiment of the present invention shown in FIG. 11. 

An AGO drcuit of a prior art receiv©- system will now be described with reference to FIG. 1 . In FIG. 1 an Interme- 
diate frequency amplifier 2 is used to amplrfy a detected intermediate frequency signal 1. An intermediate fre- 
20 quency/baseband conversion means 3 is vsed to down-convert the amplified intermediate frequency signal to 
baseband. An analog to digital (A/D) converter 4 then converts the baseband signal into a digital signal 5. The digital 
signal 5 is output from the AGC drcurt to a digital demodulation drcuit {not shown) and to a power calculation means 6. 

The power calculation means 6 calculates the power of the digital signal 5. Control error detecting means 7 sub- 
tracts the calculated signal power from a reference value 8 to provide a control error signal. Linear/logarithmic conver- 
25 sion means 9 is used to convert the control enror signal to a logarithmic scale. In existing systems, linearyiogarithmic 
conversion means is performed by table-lookup (with the aid of a local storage) and substitution of values. In regions 
near zero dB on the linear scale, zero is substituted as a con^ant value because the log scale values tend towards 
minus infinity in those regions. 

Scaling means 10 is used to multiply the logarithmic scale control error signal with a scaling coeffident to output a 
30 gain renewal value to accumulating means 1 1 . Accumulating means 1 1 is used to add the gain renewal value to a pre- 
vious gain control value to provide an updated gain control value to intennediate frequency amplifier 2. Accumulating 
means 1 1 is also used to convert the gain control value to an estimated received signal strength value (RSSI) 1 4, used, 
for example, for transmission power control. 

The prior art AGC drcuit of Fia 1 operates to control the gain of the intermediate frequency amplifier 2 such that 
35 the baseband signal input level to A/D converter 4 is held constant. Control over the sigrral level at the input of the A/D 
converter 4 is effected through operations on digital signal 5. First, the power of digital signal 5 is calculated by power 
calculation means 6. The calculated power is then subtracted from a reference power level 8 by control error detecting 
means 7 to provide a control error signal. 

Since tiie gain of the intermediate frequency amplifier 2 varies in exponential relation to the gain control value pro- 
40 vided by accumulating means 1 1 , the control error signal is converted to a logaritiimic scale by linear/logarithmic con- 
version means 9 to effect linear feedback comrol. The logarithmic scale control error signal is then scaled by 
multiplication with a scaling coeffident in scaling means 10 and then provfcled as a gain renewal value to accumulating 
means 1 1 . The scaling coeffident used in the AGC drcuit determines the control loop response speed of tiie AGC dr- 
cuit. That is, a larger scaling coefficient results in larger gain renewal value, which provides faster control loop response. 
45 A smaller scaling coeffident results in a smaller gain renewal value which provides slower control loop response. 

After scaling, the accumulating means 1 1 adds the gain renewal value to ttie gain control value used in the previous 
confrol cyde to determine the gain control value for the present cyde. The relationship between the gain cortrol value 
V and the gain g of the intermediate frequency amplifier 2 is provided by the formula: 

g = Gexp[-av] (1) 

where G and a are constants having positive values. The overall input/output gain of the AGC drcuit, assuming the level 
of the input signal 1 to be x and ttie level of the A/D converter input signal 4a to be y has the fdlowing relationship: 

^ y = gx - (2) 

(assuming the gain of the baseband conversion means 3 to be unity). Since the input signal level to the A/D converter 
4 is controlled at a constant level, the estimated received signal sfrength value 14 in dB is given by the fonnula: 
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20logx = 20log(y/G) + 20avlog e (dB) (3) 

As is apparent from Equation (1) above, the control loop response rate is an exponart of the gain renewal values 
which are produced by operation of the reception AGC circuit Therefore, larger gain renewal values result in higher 
5 control lo<^ response rates, while smaller gain renewal values result in Iowa- control loop response rates. In the prior 
art example circuit of FIG. 1 , the A/D converts- 4 has a dynamic range of between -V and +V with the number of quan- 
tization steps M determined by bits K such that M = 2 . As a resiJt the calculated signal power p output from power 
calculation means 6 has a value in the following range: 

V^/{M-1)^^p^V^ (4) 

Thus, in the prior art circuit of FIG. 1 , assuming the reference value 8 to be R and the coefficient used by the scaling 
means 10 to be K. the ^in renewal value is determined by the following relation: 

'5 Ksign[Ri)]log{|R-p|) (5) 

where sign [-] denotes the function 

sign [x] = +1 for x ^ 0 (6) 

20 

sign [x] = -1 for X 5 0 

It follows from the above equations that the maximum control loop response rate is a function of the scaling coeffi- 
cient K, since the signal power p is limited to the range of the A/D converter 4, and the reference value R is fixed. In the 
25 prior art AGC circuit described here and the one described in the following, a single scaling coefficient K is used for set- 
ting the maximum control loop response rate. A small scaling coefficient is used in systems where finer gain control and 
a low control loop response rate is desired; a larger scaling coefficient is used in systems where a higher control loop 
response rate is desired to rapidly compensate for large fluctuations in signal power. 

When the AGC drcuit has a low control loop response rate, the AGC circuit provides good compensation for small 
30 signal power fluctuations, but performs poorly in response to large signal power fluctuations (such as caused by 
Rayleigh fading), because too much time is needed to reach the appropriate gain value. On the other hand, when the 
AGC circuit has a high control loop response rate, the AGC circuit compensates adequately for large signal power fluc- 
tuations, but provides less precise control over the anpW ier gain for small signal power fluctuations. 

FIG. 2 illustrates the input output relationship between the signal power as determined by the power calculation 
35 means, expressed as a ratio of the reference value and plotted in dB units {10log{p/R)). and the gain renewal value at 
the output of scaling means 10. The values shown in FIG. 2 are obtained for the following specific parameter settings: 
V = 5.0, R = 2.5, K = 1.0 and N = 4 (M = 16) 
As is understood by examining FIG. 2. the range of gain renewal values (0 to -1.3) which are obtained for increases 
in signal power O-e., 0 dB to + 10 dB) are different from the range of gain renewal values (0 to 40.4) which are obtained 
4€ for decreases in signal power (i.e., 0 dB to -14 dB). This difference in the magnitude ranges of gain renewal values tor 
positive and negative changes in signal power can be referred to as asymmetric control loop response. 

The prior art exannple AGC circuit also results in a constant zero gain renewal value over the signal power range - 
2 dB to +2 dB. As described above, this result is due to the substitution of the constant zero in place of the actual log- 
arithmic value for small control error values near zero. Zero value substitution, as performed by the prior art AGC circuit, 
45 results in no change in amplifier gain for smaO changes in input signal level, thus precluding fine control over amplifier 
gain. 

FIG. 3 is a block and schematic diagram shewing another example of a prior art reception AGC circuit. In FIG. 3, 
reference numerals 1 through 1 1 and 14 indicate elements which are the same as those shown in FIG. 1. In FIG. 3, 
however, a circuit arrangement is shown in which linear/logarithmic conversion means 9 converts the signal power out- 
50 put Of power calculation means 6 to logarithmic scale prior to subtracting it from the refa-ence value 8 to obtain a control 
error signal. 

With reference to FIG. 3. when reference value 8 is set to log R, tiie gain renewal value at the output of scaling 
means 10 has the following relationship to the signal power output p: 

55 gain renewal value = Klog(R/p) (7) 

FIG. 4 illustrates the relationship between the signal power output, of the power calculation means 6 and the gain 
renewal values for the prior art example AGC circuit shown in FIG. 3. In FIG. 4. the values shown were obtained for the 
specific parameter settings: 
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V = 5.0. R = 2.5.K = 1.0andN = 4(M = 16) 
As understood from an examination of FIG. 4. the operation of the prior art AGC ctrcuit results in the maximum and 
minimum gain renewal values of +1 .4 and -1 .0. for decreases and ino-^ses in signal level, respectively. Since the max- 
inrttjm and minimum gain renewal values cfiffer in magnitude (i.e., +1 .4 vs. 1 .0), the maximum control loop response rate 
5 is diffeent deperafing on whether the signal level has inaeased or deaeased. As a result the accuracy of the received 
signal strength estimate provided by the AGC circuit at the time of signal power ftuctuatior^ can vary. Inaccurate esti- 
mation of received signal strength results in the mobOe station emitting either eicessive or insufficient transmission 
power This, in turn, leads to reduced system performance, which limits subscriber capacity and/or decreases reception 
quality. 

TO Accordingly, it is an ot^jed of the present invention to provide an automatic gain control system aruJ method which 
provides a constant control loop response rate for relatively large input signal level changes. arvJ provides a higher con- 
trol loq> response rate for relatively srall changes in input signal level. 

Another object of the invention is to provide an automatic gain control system and method whic^i provides the same 
maximum control loc^ re^nse rates in-espective of the direction of change in input signal level. 

15 Still another object of the invention is to provide an autonratic gain control system and method which operates with 
generally smaller control error values than existing systems and provides a more accurate estimate of the received sig- 
nal strength of a transmission. 

Summary of the Invention 



These and other objects are provided by the automatic gain control (AGC) system and method of the present inven- 
tion. One emt>odiment of the AGC system of the present invention ts constructed with a control error amplitude-limiting 
means which eliminates the need for a linear/logarithmic conversion m«ms as used in prior art AGC circuits. Such con- 
struction provides a constant control loop response rate for relatively large cwrtrol errors, and a higher variable control 
25 loop response rate for relatively small control errors. 

In another emtjodiment of the present Invention, an AGC system and method is provided which reduces asymmet- 
ric control loop response of the AGC circuit with respect to positive and negative control error values. The AGC system 
in this embodiment of the present invention provides these advantages by incorporating a variable scaling means which 
scales the control error signal with different coefficients selected on the basis of the positive or negative sign of the con- 



Finally, the present invention operates more frequently with a small control error value than existing systenr« now 
operate. These effects increase the operational stability of the automatic gain control system and provide more precise 
control over the amplifier gain. Further, the present invention reduces asymmetric control loop response with respect to 
positive and negative signal level variations, to provide improved reception quality and increased accuracy in estimating 
35 received signal strength. 

Detailed Description of the Preferred Emtxxiiments 

FIG. 5 contains a block and schematic diagram of a first enrtoodiment of a reception automatic gain control (AGC) 
40 system constructed in accordance with the present invention. In FIG. 5. reference numerals 1 through 8, 10, 1 1 and 14 
indicate elements and signals which are the same as those of the prior art example AGC circuit described in the fore- 
going with reference to FIG. 1 . 

As shown in FIG. 5. the AGC system of the present invention includes an amplitude limiting means 12 used to limit 
the amplitude of a control error signal to within predetermined limits. The amplitude limiting means 12 may be imple- 
45 mented in any of several well known vrays, e.g.. (1) by a clipper circuit; (2) a circuit which compares an input signal to 
two stored thresholds and substitutes the values based thereon; or (3) by table look-up circuiti-y. The amplitude limiting 
means 12 can t>e implemented by hardwired logic or micro- or softcoded elements, such as found in a digital signal 
processor (DSP). 

As ttie details of the construction of such circuits are well known, they need not be descn'bed in any further detail 
50 here. In operation, the amplitude limiting means 12 operates upon the oortrol enor signal p output by tiie control enor 
detecting means 7 to output a signal acconding to the function f as indicated: 
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The operations of the reception AGC systan constructed according to the first embodiment of the present invention 
wiQ now be descrft)ed. Apart from the amplitude limiting means 12. the elements of the reception AGC system of the 
presett invention operate in the same manner as in the prior art example AGC circuits descrtoed in the foregoing. 
Therefore, only the new features of the present invention need be desoibed here. 

Through anpfrtude-iimiting and other operations as described in the foregoing, the reception AGC system provides 
gain renewal values as indicated below: 

ZlGRd - 10*/^^) for 10 log(p/R) > 6 (9) 

f(R-p)=(K(R - p) for 6 > 10 log(p/R) > -6 

\KR{1 - 10'*^^°) for 10 log(p/R) < -6 



15 A plot of the numerical gain renewal values which are obtained is shown in FIG. 6 for the specific parameter settings 
as follows: 

V=5.0. R=2.5, K=1 .0. N=4 (M=16) and 6 = 2,0. 
As can be seen from FIG. 6, the present invention operates to provide fixed amplitude gain renewal values for rel- 
atively large control errors outside of the range -6 to +6 dB, while providing variable gain renewal values for relatively 
20 small control errors between -6 and +6 which are determined as a function of control error magnitude. By providing var- 
iable gain renewal values for sn^I control en-ors. the ampfif ier gain is controlled more precisely, thereby improving sig- 
nal reception. At the same time, by providing constant gain renewal values for larger control enrors. the AGC system 
responds effectively, and yet with improved stability under such conditions. 

FIG. 7 contains a block and schematic diagram showing the construction of a second embodiment of an automatic 
25 gain control (AGC) system constructed in accordance with the present invention. In FIG. 7, reference numerals 1 
through 9. 11 and 1 4 indicate elements which are the same as those of the first example prior art AGC circuit descn*bed 
in the foregoing with reference to FIG. 1 . In FIG. 7. >ariable scaling means 1 3 Is used to scale the logarithmic scale con- 
trol error output of the linear/logarithmic conversion means 9 with a scaling coefficient selected in accordance with the 
sign of the control error. 

30 Variable scaling means 1 3 may be implemented, for example, by hardwired logic or micro- or softcoded elements, 
such as a digital signal processor (DSP) constructed to determine the positive or negative sign of the control error and 
to multiply that signal by the selected stored coefficient. Coefficients in the variable scaling means 13 are selected as 
follows: 

for R - p ^ 0. select coefficient K1 
35 for R - p > 0. select coeffident K2 

Coefficient values K1 and K2 are selected according to the control loop response rate desired following increases 
or decreases in signal level. For example, if substantially the same control loop response rate is desired to both 
increases and decreases in signal level which exceed the dynamic range of the A/D converter 4. the coefficients K1 and 
K2 are selected to provide gain renewal values such as shown in FIG. 8. 
40 FIG. 8 is a graph showing the input output relationshp between the control error signal and the gain renewal values 
which are obtained. In FIG. 8, the gain renewal values were obtained with the specific parameter settings as follows: 

V=5.0. R=2.5, K1=1.0. K2=3.56. and N=4 (M=16) 
As can be seen by comparing FIG. 8 to the graph of the prior art AGC circuit operation shown in FIG. 2. the operation 
of the system of the present invention reduces the difference in control loop response with respect to positive and neg- 
45 atve variations in the control enor. thereby improving both the reception quality and overall communication system per- 
fornnance. 

FIG. 9 contains a block and schematic diagram illustrating an automatic gain control system constructed in accord- 
ance with a third embodimont of the present invention. In FIG. 9. reference numerals 1 through 9, 1 1 , 1 3 and 1 4 indicate 
elements which are the same as the second embodiment of the present invention descn*bed in the foregoing with refer- 
so ence to FIG 7. The elements of the reception AGC system of the third embedment of the present invention operate the 
same as those of the second embodiment except that the linear/logarithmic conversion means 9 is used to perform the 
logarithmic conversion on the signal power output of the power calculation means 6. ard that refer^ce value 8 is pro- 
vided in logarithmic scale. 

As described above with r^ect to the second embodiment of the present invention above, the particular values 
55 assigned to the coefficients K1 and K2 determine the control loop response rate of the AGC system following increases 
and decreases in signal level. For example, if control loop response is desir«j to provide the same response to both 
increases and deaeases in signal level which exceed the dynamic range of the A/D converter 4. the coefficient values 
K1 and K2 are selected to provide gain renewal values such as shown in FIG. 10. In FIG. 10, the values shown were 
obtained with the specific parameter settings as follows: 
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V=5.0. R=2.5. K1=1.0. K2=0.71. and ISM (M=16) 
As understood from an examination of FK3. 10, by operation of the third eml)odiment of the present invention, the 
control error is scaled with scaling coefficients which are selected on the tsasts of the sign of the control enor. As a 
result the maximum cwrtrol loop response rates b«X)me the same for positive and negative control errors. 

5 FIG. 1 1 contains a block and schematic diagram illustrating an AGC system constructed in accordance with a 
fmjrth embodiment of the present invention. In FIG. 11. reference numerals 1 through 8. 11, 12 arnJ 14 indfcate the 
same elonents as shown and described for the first embodimoit in the foregoing with reference to FIG. 5. WriaUe scal- 
ing means 13 has the same construction and operates in the same manner as that desalbed with reference to RG. 7 
in the foregoing description of the second embodiment of the invention. 

70 Except as to the variable scaling means for scaling the control arror with a coefficient sheeted in accordance with 
the agn of the control enrw. the operation of the fourth embodimwit of the invention is the same as that of the first 
emt)odiment of the invention described in the foregoing. 

As described in the foregoing, the values assigned to the coefficients K1 and K2 detemiine the control loop 
response of the automatic gain control system in response to increases and decreases in signal level. f=or example, if 

75 a control loop response is desired in which the AGC system responds the same for both siKtden inaeases and 
decreases in signal level which exceed the dynamic range of the AAD converter 4, the coefficient values K1 and K2 are 
selected to provide gain renewal values such as shown in FIG. 1 2. In FIG. 1 2. the values were obtained with the specific 
parameter settings as follows: 

V=5.0. R=2.5, K1=1.0, K2=1.58. N=4 (M=16) and 5=2.0 

20 As can be seen from an examination of FIG. 1 2, the AGC system of the fourth embodiment provides maximum gain 
renewal values which have the same magnitude for both positive and negative control errors, i.e., 1 .45. 

The AGC system of the fourth embodiment of the present invention operates to provide an amplitude limited control 
en-or. and a gain renewal value which is scaled according to the sign of the control eror. As a resuH, gain renewal val- 
ues are produced which provide rapid, variable rate control loop response for relatively small control entjrs, and con- 

25 stant rate control loop response for relatively large control en-or values. In addition, the difference in maximum control 
loop response rates for increases and decreases in signal power is eliminated. As a result signal reception and accu- 
racy in estimating received signal strength are improved, which thereby improve the overall performance of the mobile 
communication system. 

While the invention has been described in detail herein in accordance with certain preferred emljodiments therwf . 
30 many modifications and changes therein may be effected by those skilled in the art Accordingly, it is intended by the 
appended claims to cover all such modifications and changes as fall within the true spirit and scope of the invention. 

Claims 



35 1 , An automatic gain control system responsive to gain renewal values generated therein, comprising: 
control en-or detecting means for providing control error sigr^als; and 

amplitude limiting means coupled to said control en-or detecting means for amplitude limiting said control en-or 
signals prior to generating said gain renewal values. 

40 

2. The automatic gain control system of Claim 1 further including scaling means coupled to said amplitude limiting 
means to scale the output therefrom and generate said gain renewal values. 

3. The automatic gain control system of Claim 2 wherein said scaling means provides a fixed scaling factor. 

45 

4. The automatic gain control system of Claim 2 wherein said scaling means provides variable scaling factors having 
values dependent on the sign of said control error signals. 

5. The automatic gain control system of Claim 1 wherein said amplitude linrvting means provides a variable magnitude 
50 output when said control en-or signals lie witiiin a predetermined range of magnitudes and a constant magnitude 

output when said control error signals exceed said predetermined range. 

6. The automatic gain control system of Claim 1 wherein said control enor signals are linear with respect to the cal- 
culated power of a signal input to said automatic gain control system. 

55 

7. An automatic gain control system responsive to gain renewal values generated therein, comprising: 

control error detecting means for providing control error signals; and 

variable scaling means coupled to said control error detection means for variably scaling said control error sig- 
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nals in aocondance with the sign of said control error signals to generate said gain renewal values. 

8. The automatic gain control system of Qaim 7 further including a linear to logarithmic converter coupled to the input 
of said contrd error detecting means. 

5 

9. The automatic gain control system of Claim 7 further indiKGng a Bnear to logarithmic converter coupled between 
said control error detecting means and said variable scaling means. 

1 0. A method for geierating renewal values to control the gain of an automatic gain control system comprising the 
10 steps of: 

genmting control error signals; 

anrplitude limiting said control enror signals to generate amplitude*limited control signals; and 
scaling said amplitude-limited control signals to generate said gain renewal values. 

1 1 . The method of Qaim 1 0 wherein said step of scaling provides fixed scaling of said amplitude-limited control signals. 

1 2. The method of Claim 10 wherein said step of scaling provides variable scaling of said amplitude-limited control sig- 
nals in accordance with the sign of said control en*or signals. 

20 

1 3. A method for generating gain renewal values for controlling the gain of an automatic gain control system conrprising 
the steps of: 

generating control enor signals which are linear with respect to the detected power of a signal input to said 
25 automatic gain control system; 

converting said control en-or signals to logarithmic error signals: and 

variably scaling said logarithmic enor signals to generate said gain renewal values. 

14. A method for generating gain renewal values for controlling an automatic gain control system, comprising the steps 

30 Of; 

generating control error signals which are logarithmic with respect to the detected power of a signal input to 
said automatic gain control system; and 

variaWy scaling said control error signals by factors selected in accordance with the sign of said control enor 
35 signals. 

15. An automatic gain control system comprising: 

a variable gain anplrfier for receiving and amplifying a communicatfon signal in accordance with gain control 
40 values input thereto; 

analog to digital converter means for converting said amplified communication signal to digital form; 

power calculation means for calculating the power of said digitally converted communication signal; 

control error detecting means for generating control error signals representing the deviation of said calculated 

power from a predete-mined reference; and 
45 processing means responsive to said control enor signals for generating gain renewal values by scaling said 

control error signals with scale factors depending upon the sign of said control error signals, said gain renewal 

values being used to adjust said gain control values input to said variable gain ampfif ier. 

1 6. The automatic gain control system of Claim 1 5 wherein said processing means scales said control error signals 
so with fixed scale factors. 

1 7. The automatic gain control system of Claim 1 5 wherein said processing means scales said corrtrol error signals 
with variable scale factors. 

55 1 8. The automatic gain control system of Claim 1 5 wherein said processing means further oonprises amplitude limiting 
means for amplitude limiting said control error signals. 

19. The automatic gain control system of Claim 16 wherein said amplitude limiting mears provides variat>le magnitude 
values when said control error signals lie within a predetermined range of magnitudes and constant magnitude val- 
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ues when said control error signals exceed said predetemnined ranga 

20. The autoniatic gain control system of Claim 19 wherein said, processir^ means scales said control error signals 
with variable scale factors. 
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values to maintain amplifier stability for relatively large 
control error values. In another embodiment an auto- 
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maximum control loop response rates which are the 
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disclosed which respectively limit the control error 
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selected on the basis of the ootnrol error being either 
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